Abstract. The diversity of algal communities of phytoplankton and meio-and macrophytes was 9 investigated in Lake Baikal. Fragments of Spirogyra thallomes were recorded in the phytoplankton 10 community of Southern Baikal, which had never been recorded before in its composition. It was 11 also established that the structure of benthic algal communities changed in comparison with that in 
Introduction

21
Alongside the effects of global warming and anthropogenic impact, algal blooms have been 
51
It is interesting to know how hydrodynamics affect the flora of Lake Baikal, a unique freshwater The aim of this study is to assess the role of Spirogyra in the structure of current algal communities 62 of Lake Baikal and contribution of hydrodynamic processes in its dissemination in the coastal zone 63 of the lake.
64
Material and methods
65
Field studies 66 We analysed phytoplankton of Southern Baikal to study the possible transfer of Spirogyra fragments 68 (Fig. 1a) . Phytoplankton samples (1.5 L of water) were collected at six stations (I-VI) with a water stations located at 11 sites differing in wind-wave characteristics and bottom geomorphology (Fig.   76 1b). Moreover, to assess the bottom cover percent with filamentous algae, the scuba divers mapped 77 meio-and macrophytes at 15 transects (Tr) using frames (area of 1 m 2 ) divided into 100 equal 78 quadrats.
79
The scuba divers also collected 18 quantitative samples of meio-and macrophytes from two 
90
Laboratory analysis. Phytoplankton samples were settled in a 15-20 mL volume for about 14 days.
91
Algae were counted in 0.1 mL. Individual volumes of cells were taken into account to determine 92 algal biomass (mg m -3 ) (Makarova and Pichkily 1970). Picoplankton and cysts of chrysophytes were 93 not considered in total phytoplankton biomass.
94
To assess the transport in currents of both Spirogyra and diatoms, we calculated the sinking velocity 95 during settling in a laminar flow from Stokes formula:
where W is the sinking velocity of a spherical particle in the water, cm s -1 ; r is its radius, cm; g is the 98 gravity acceleration (normal, 980.655), cm s -2 ; ρ is the particle density, g cm -3 ; ρ 0 is the water 99 density (1 g cm -3 ); μ is the water dynamic viscosity, g cm -1 s -1 .
100
To reduce non-spherical algal cells to a conditionally spherical shape, we calculated the equivalent 101 radius according to cell volume: (2)
103
The geometric form coefficient ζ was used to estimate non-spherical particles:
105 where S is the particle surface area; S 0 is the sphere area of the same effective radius.
106
Dynamic coefficient of the particle shape Г (ζ) in the linear area of environmental resistance was 107 calculated from Velikanov et al. (2013) :
109
where ζ is the geometric form coefficient.
110
The density of living Spirogyra was determined in the following way. First, we estimated the true 111 specific weight of dry mass (density of dry substance) of Spirogyra filaments. We dried them on 112 filter paper and then subjected to a solid tablet to pressure in a compression mold. The density of the 113 dry substance was calculated from the volume of this tablet and its weight. The humidity was 114 estimated from the difference between the weight of Spirogyra filaments dried on filter paper (until 115 a wet spot disappeared) and the weight of these filaments (quantity 20 g) dried at 103 °C.
116
The temperature of the cell content was set as equal to the water temperature for estimating the 
132
where n i is the biomass of i-species; N is the total biomass of species in a certain habitat.
133
Algal communities (of both phytoplankton and phytobenthos) were identified from the modified 134 density index (Brotskaya and Zenkevich 1939):
where P is the frequency of occurrence (the ratio of a number of samples in which a species has 137 been found to total the number of samples, %); B is the percentage of a species in the total biomass,
138
%. Species with maximal density index (I) were considered dominant, with I > 10% being 139 subdominant and species with I < 10% being considered minor.
140
We compared the structure of algal communities with that of previous years, referring to the data by 
144
The dependence of the lake bottom overgrowing with filamentous algae on the hydrodynamic 
160
The maximal velocity of the water motion (in the zone of undeformed waves) was calculated from 161 the following equation (Petrov 1985) :
163
where h is the wave height, m; τ is the wave period, m; H is the depth, m; sh is the hyperbolic sine; λ 164 is the wave length, m.
165
Current velocities were calculated from the following formula (Petrov 1985) in case of a significant 166 effect of the bottom on the orbital wave component (in the zone of wave breaking):
168
where h is the wave height, m; g is the gravity acceleration, m•s -2 ;  is values varying from 0.7 to 169 1.8 with the depth decrease; in the surf zone it reaches 2 and then reduces to 0 at the end point of the 170 splash.
171
The shear velocity (the initial velocity of sediment movement) was estimated from the following 172 formula (Longinov 1963):
174
where V sh is the shear velocity, m•s -1 ; K(sl) is the non-dimensional coefficient depending on the 175 bottom slope (sl); r is the particle radius; g = 9.80665 m•s -2 :
The mobility coefficient of bottom sediments was calculated from the ratio of the maximal 
181
Water flow pressure on the vertical surface during wave activity was estimated from the following 182 formula (Longinov 1963):
184
where P is the hydraulic pressure, g m -2 ; h is the wave height, m; H is the depth, m; numerical Spirogyra sp. with dominance of Asterionella formosa Hass., were found at these depths (Fig. 3a) . species distributed at these depths; Spirogyra was not recorded.
202
It should be noted that thallome fragments of Spirogyra consisting mainly of one to three cells were for a Spirogyra cell and thallome fragments of several cells is comparable with that of diatoms.
211
The density of dry Spirogyra calculated from the volume of the tablet and its weight was 1.36 g cm -212
3 , and humidity of the living alga was 90%.
213
The density ρ s of the living Spirogyra was 1.036 g cm -3 . The sinking velocity at 10 °C of one
214
Spirogyra cell with the volume of 28,600 µm 3 and equivalent radius of 19 µm was 22×10 -3 mm•s -1 .
215
The density of a thin-walled diatom A. baicalensis calculated by us from the data provided by century was confined only to the coastal-sor zone (Fig. 1c) , whereas at present the habitat has 233 widened significantly (Fig. 1b) . Before 2000, Spirogyra inhabited only certain areas of the lake in 234 the form of singular filaments (Fig. 1c) . Moreover, it was recorded in the grab samples collected at a (Fig. 4a) . According to the second principal component, with 24% of total 256 variability of the database, the distribution of filamentous algae was dependent on shear velocity, 257 composition of bottom sediments, depth and slope angle of the bottom in the coastal zone (Fig. 4b) .
258
It is clear that the bottom cover percent with filamentous algae was independent of the water flow and was insufficient for detachment of filaments from the substrate (underwater video filming).
264
In space of the two first principal components, the point set is divided into two non-overlapping was up to 15%. However, the vertical zoning of algal distribution was not disturbed.
274
Subset II comprises stations at which historically formed zoning in the spatial distribution of meio-275 and macrophytes remains; there were no filamentous algae or their cover percent was 1-3% (Fig. 5 ).
276
The diversity and specific structure of meio-and macrophyte communities of the coastal zone were 277 studied in the relatively uniform hydrodynamic environment at site 3 (Fig. 1a , Oedogonium were not recorded.
302
The distribution of Spirogyra biomass depends on the hydrodynamic environment. Its lowest
303
content was recorded in the surf and wave breaking zones, whereas the highest values were 304 registered in the zone of weak effect of wave activity on the bottom (Fig. 2b) . Moreover, the bottom 305 cover percent with filamentous algae increased in the bay with the depth increase, i.e. with the 306 decrease of wave effect on the bottom (Fig. 2с) .
307
According to the visual observations of I. Khanaev during the year, the length of Spirogyra 308 thallomes varied in the coastal zone of Listvennichny Bay. In January, it was 7-10 cm and up to 20 309 cm in May. In June-August, filament strands could reach more than 150 cm and 10 cm in Others (n=23) were an average of 45±1 μm wide (41-68 μm) and 208±20 μm long (81-378 μm).
316
The mass development of Spirogyra affects the structural organisation of both benthic and 317 planktonic algal communities. (Table 1) , is similar to that of planktonic diatoms. The deposition rate of A.
340
baicalensis (10,000 µm 3 ) in the laminar water flow is 39×10 -3 mm s -1 (Votintsev 1961) rates are very low, it helps both filament fragments and diatoms remain within the water column for 345 a long time. Thallome fragments of filamentous algae removed by currents from the coastal area can 346 move along the perimeter in each basin of the lake and around the entire lake (Fig. 1b) . For example,
347
in the southern basin of Lake Baikal, algal fragments will be transferred from Cape Listvennichny to
348
Cape Tolsty (Fig. 1a) for 11 days at the wind with regime probability of 50% and at the velocity of 349 drift current of 9 cm s -1 in the middle water layer.
350
The growth and development of benthic algae in aquatic ecosystems are also closely connected with 
365
Judging from in-situ data, in summer, Spirogyra forms the longest filament strands at depths of over enter the water column. This is supported by findings of Spirogyra in the planktonic samples at all 395 studied depths in Southern Baikal (Fig. 3a) .
396
Factors affecting spatial heterogeneity of benthic algae are numerous and one of them is 397 anthropogenic impact. The intense development of filamentous algae in the coastal zone of Lake by algae degrading in the coastal zone opposite the settlement of Listvyanka.
407
Despite Spirogyra having been registered earlier in the coastal-sor zone (Fig. 1c) , such quantities of century is the presence of Spirogyra in their composition (Table 2 , Fig. 3a, Fig. 6a ). These algae secondary circulations existing in Northern Baikal do not cover this area (Fig. 1b) 
